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Estimated biomass of Ciliata (Protozoa) communities 
in alkaline soils of the Hortobágy National Park, Hungary 


By 
A. SZABO* 


Abstract. Studies have been carried out in different subtypes of solonetz soils, forming a 
mosaic pattern. In the soils of the HNP the estimated biomass values are higher in the upper 
layers (0-5 cm) than in the lower ones (5-10-20 cm). Extremely high values (11-16 kg/ha) were 
experienced in the sampling sites with humous-rich upper soil-horizon. A 30-40% volume 
decrease has been recorded in the deeper soil layers. The estimated biomass of Ciliata in the 
sampling sites with eroded A-horizon is 1-3 kg/ha. Based on the biomass values, soils of the 
HNP can be ordered in the same way (I, VII, V, IV, III, VI sampling sites) as they have been in 
case of he species-individuals relations. Because of the mosaic pattern of solonetz soils, the 
estimated average Ciliata biomass, calculated on the basis of actual (not cultured) numbers of 
individuals, is estimated to be 6.6 kg/ha in the 0-5 cm layer. Although this value is lower than 
that calculated in other (e.g. chernozem, forest, pasture) soil types, our data demonstrate the 
importance of Ciliata populations even in the alkaline soils, and one has to take them into 
consideration while studying food chains and flow of nutrients. 


Function and importance of organisms and their communities living in 
various biotopes can only be measured if one has information about their 
activities, role and position in the food-chain, and also if there are data on 
their biomass within the given ecosystem. Protozoa (Ciliata) usually appear in 
the biotopes in great numbers. It is not simply their presence, but also the 
biomass they represent, which gives them an important role in a biological 
community (e.g. in the edaphon). 


Determination the biomass of Protozoa (Ciliata) is not a simple task. 
There have been already some measures to calculate their volume (Sebestyén, 
1958) mainly by comparing them to geometric bodies. There are also some 
recent publications (Buitkamp, 1979; Foissner, 1981, 1995, 1998) giving some 
guidelines (sometimes concrete values) for the measurement of the biomass of 
Ciliata. There are several difficulties while calculating the biomass of Ciliata 
living in soils. One of the most important of these is that the size or volume of 
Protozoa living in alkaline soils is many times much smaller than that in water 
bodies, because of troglodytism. In addition, other characteristics of the 
biotope could influence the volume (cubic measure) of Ciliata. For this reason 
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one can only very carefully apply exactly the same methods and values 
published by other authors. This was emphasised by Gellért (1957), Varga 
(1960), Buitkamp (1979) and Foissner (1981) as well. 


In this study there are estimations on the biomass of Ciliata communities 
living in different subtypes of solonetz soils, forming a mosaic pattern in the 
area of the Hortobagy National Park (HNP), Hungary. It is hoped that this 
study can contribute to have a more objective view on the function of 
Protozoa (Ciliata) in a given community. 


Materials and methods 
Plant associations and soil types 


Studies have been carried out in one of the strictly protected areas of the 
HNP in different subtypes of solonetz soils, forming a mosaic pattern and 
each can be characterised by a specific plant association. Sampling sites were 
directly neighbouring with alkaline depressions, and they have been assigned 
in the halophytic plant associations of a mosaic pattern, characterising the 
erosional succession series and the different subtypes of solonetz soils as well. 


On the higher surfaces there are deep or medium layer meadow solonetz 
soils covered by Achilleo-Festucetum pseudovinae (I) plant association. The 
A-horizon of the soil is thick (15-30 cm) with a 3-4 % humus content. The 
A-horizon does not contain Na-salts and the pH is slightly acidic. 


Going down to lower parts — parallel with the gradual thinning of the 
A-horizon - one can found the Artemisio-Festucetum pseudovinae OD 
association on medium meadow solonetz soil. In the sloping direction a 
discontinuous type of this plant association develops (in Hungarian called 
“alkaline tussocks disposed by hand”). The high intensity drop-erosion leads 
to the development of the typical alkaline soil “shoulders” (small surface 
elevations), supported by the precipitation of amorphous silicate (SiOz) in the 
B-horizon. Because of the complete erosion of the A-horizon, Na-salts get 
closer to the surface, which can be tolerated only the Camphorosmetum 
annue (IV) plant association. 


The wetter crusted solonetz soil with precipitated silicate is covered by 
Puccinellietum limosae (V). Here the a-horizon of the soil is missing and the 
B-horizon is of a column structure. There is precipitated silicate (SiOz) on the 
surface. Because of the erosion process, the upper humic soil is getting 
together on lower parts, where the Pholiuro-Plantaginetum tenuiflorae (VI) 
plant association develops. The soil here is brownish black with a 2.6% humus 
content and accumulation of Na-ions. The border of the wet depression, being 
the base level, is covered by the Agrosti-Beckmannietum eruciformis (VI) 
plant association. Here the A-horizon is considerably leached, the B-horizon is 
often with no structure. Na-salts are found only in deeper parts of the soil. 
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Plant associations indicate the different subtypes of the solonetz soil as 
follows. 


I. Achilleo-Festucetum pseudovinae (Magyar) Deep layer meadow solonetz 
So6 


II. Artemisio-Festucetum pseudovinae S06 Medium meadow solonetz 

III. Artemisio-Festucetum pseudovinae So6 Meadow solonetz with degraded A- 
layer 

IV. Camphorosmetum annuae (Rapaics) So6 Crusted meadow solonetz 

V. Pholiuro-Plantaginetum tenuiflorae Crusted meadow solonetz 

(Rapaics) Soó 

V1. Puccinellietumlimosae (Klika) Wendelbg. Crusted solonetz with precipitated 
silicate 

VII. Agrosti-Beckmannietum eruciformis Meadow like solonetz with humic 

(Rapaics) S06 upper soil layer 


Collection and processing of samples 


Samples were taken in the sites described above with sterile tools from 
1.5 x 1.5 m quadrats. Part-samples were taken from three points of each 
quadrat, from depths of 0-5, 5-10 and 10-20 cm-s. After a careful mixing of the 
part-samples taken from the same depth, they (altogether about 1 kg each) 
were carried to the laboratory in sterile boxes. The homogenised samples were 
dried on room-temperature for 8-10 days. 


During the quantitative analysis of soil samples the culture-dilution 
method was used. Our method is based on the dilution technique of Varga 
and Telegdy-Kovacs (1953), and also that of Singh (1955) with certain 
modifications, but incorporates several elements of modifications introduced 
by Brunberg-Nielsen (1968) and Buitkamp (1979). During our studies this 
method was used consistently. In our opinion this method can be successfully 
used in biological analysis of other (not alkaline) soil types. 


In the course of the quantitative analysis of soil samples, the culture 
method has been modified, by which the starting mass of the dry soil used 
was increased to 5 x 10 g (Buitkamp, 1979; Foissner, 1981, used 8 x 3 g soil to 
start). To wet the soil samples 1:5, Protozoon-free soil extractum was used, by 
which the drastic destroying influence of distilled water can eliminated. 
Levels of dilution (1/5-1/640) and repetitions within the levels (10) were 
optimalised. 

During the analysis the volume of the samples processed has been 
increased from 0.05 ml to 1 ml. These modifications have significantly 
increased the objectivity of the statistical method used, and errors deriving 
from the aggregated appearance of cysts could be avoided (Gellért, 1957; 
Stout, 1962). 5 x 80 cultures were set up from each sample. Culture tubes were 
incubated on 21 °C for 6 days (Buitkamp, 1979). Processing of data was based 
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on the VII/2. Table of Fisher-Yates (1963) and on the formula (ind/g) of 
Brunberg-Nielsen (1968). 


After heat treatment - on 58 °C for 45 minutes - the number of cysts has 
been determined from the soil samples, making the determination of the 
actual number of species and individuals possible. 


For the qualitative analysis of the samples, cultures were set up in every 
case (Foissner, 1981, 1987). 50 g of the air-dry soil sample was put into a 
crystallizing cup in a step-like pattern. To wet the soil samples Protozoon-free, 
1:5 soil extractum was used. Samples were examined in 2,4,6,10,14 and 21 
days, when the appearing species were recorded. 

In order to support the identification if species, the wet silvering method 
of Klein (1926), the core staining method of Feulgen, the silvering method of 
Chatton-Lwoff (1936) and the protargol method modified by Wilbert (1975) 
were used. 

The estimated biomass of Ciliata in the soils was calculated by the 
formula of Pussard (1967, 1971) and given in g/ha. The average mass of 
solonetz soils was considered to be 1.45 g/cm>. Volume of Ciliata has been 
calculated by the Simpson-formula (Czorik, 1968) and using the method of 
Buitkamp (1979, and also pers. comm.). The body of the organisms has been 
compared to simple geometric bodies. The density of the protoplasm has been 
considered to be 1. 


The Simpson-formula is as follows: 


V =h/6 x (bi+4botbs) 


(where: V = body volume, h = body length, b; = area of the lower segment, bz = area 
or diameter of the middle segment, b; = area of the upper segment.) 


The estimated biomass of Ciliata in the soils to an area unit (ha) was 
calculated by the formula of Pussard (1967, 1971): 


S (g/ha) = V x N x6 x c 108 
(where: S = estimated biomass of a species (g/ha)V = volume of the species in 104 
cm3, § = volume weight of the soil (g/cm?), c = thickness of the soil layer examined 
(cm), 5 x c 108 = weight of 1 ha soil (g).) 
The average mass of solonetz soils was considered to be 1.45 g/cm’. 
Results are give in g/ha. 


Results and discussion 


Based on our studies, there are diverse Ciliata communities in the 
solonetz soils of the HNP, where altogether 35 species have been found. Most 
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Fig. 1. Number of species and individuals in the sampling sites. (I = deep layer meadow 

solonetz, II = medium meadow solonetz; III = degraded A-layer crusty solonetz; IV = crusty 

solonetz; V = crusty solonetz; VI = crusty solodized solonetz; VI = meadow solonetz with 
humus upper layer) 


of the species are well-known, cosmopolitan organisms with wide ecological 
tolerance spectrum. A lot of species are known from wetlands as well which 
supports findings of Varga (1936, 1953) based on the ecological classification 
of whom the Protozoon fauna of the soils is of a limnic origin (hydrobiont 
edaphon). 
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In the soils of the HNP the highest numbers of individuals were found in 
the upper (0-5 cm) layer of the soils of high humous-content (I, I, VI), where it 
is around 500-600 10° ind/kg. This value is only 50% of those coming from the 
same layer of chernozem soils. In sampling sites with eroded upper layers, 
abundance of species is rather low (40-60 10° ind/kg) in each of the layers 
studied (Fig. 1). 


It was found that in alkaline (solonetz) soils the volume decrease 
(troglodytism) of Ciliata is significant. Decrease of big organisms reached 30- 
70%, while that of smallers 20-25%. Calculations on the biomass of Ciliata in 
the area of the HNP had to be done in each biotope, hence the different 
subtypes of solonetz soils formulate a mosaic-like pattern. 


Because of the difficulties in determining the number of individuals and 
the mass of the certain species, it was not our aim to calculate the absolute 
value of the Ciliata biomass, only estimations can be given. 


The values of the estimated biomass (kg/ha) show that there is more 
living material in the upper soil-layers (0-5 cm) than in the lower ones. The 
estimated biomass is particularly high in those sampling sites (I, I, VI) witha 
humous-rich upper layer which are more favourable for Ciliata populations 
than the other (II, IV, V, VI), eroded soil types. 


In the soil types with a humous-rich upper layer (A-horizon), covered by 
Achilleo-Festucetum pseudovinae, Artemisio-Festucetum pseudovinae and 
Agrosti-Beckmannietum eruciformis plant associations, the estimated biomass 
is 11-16 kg/ha, based on the cultured population sizes. 


In the lower layers of these soils, the decrease in the mass of living 
material can reach 30-40%. 


This significant decrease derives from the unfavourable physical 
conditions of soils (lack of air, high colloid content, increase of salt 
concentration, lack of food and water). 


In other subtypes and varieties of solonetz soils (crusted, with 
precipitated silicate) the biomass values are low. Here in absence of a humus- 
rich A-horizon, the B-horizon comes up to the soil surface and conditions for 
Ciliata become less favourable, thus the number of species and population 
sizes are found to be low. The estimated biomass is 1-3 kg/ha in the 0-5 cm 
layer. In the 5-10 cm layers biomass represented by Ciliata is on the minimum 
(1.4-0.03 kg/ha). 


These data show that there is a positive correlation between the 
population size of Ciliata and their biomass, which is well-proved by Fig. 1. 
Because of the small volume of the occurring species, in some sampling sites 
(L IV, VD, however, this correlation is not linear! 
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Fig. 2. Changes of the estimated biomass in the different subtypes of solonetz soils 


Based on these data, the studied soils can be ordered in a similar way as 
done by the numbers of species and individuals. Values of the estimated 
biomass are the highest (Table 1) in the upper (0-5 cm) layer of the deep and 
medium meadow solonetz soils (I, VIL I). 
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Table 1. Main characteristics of the Ciliata fauna living in the soils of the Hortobágy National Park 
with the indication of the estimated biomass (based on average data) 
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There is significantly less biomass in the 5-10 cm layer, and in both (0-5, 
5-10 cm) layers of the crusted solonetz soils with eroded upper horizon (II, 
IV, V, VD. 


Comparing the estimated biomass values of Ciliata in the soils of the 
Hortobágy National Park with that of Table 2, it turns out that other authors 
have only studied the uppermost (0-5 cm) layer of soils. Biomass values given 
in these publication show an extremely significant deviation. Analysing data 
of Table 2, it is believed that the extremely high values given by Bick (1972) 
and Foissner (1981) can be accepted only with reservations. 


It comes also from the comparison that in the well-structured chernozem 
soils the number of individuals, and the closely related biomass values are 
higher in the 5-10 cm layer than in the upper, 0-5 cm one. This can be 
explained by the more intensive exposition of the upper layer to the physical 
effects (radiation, heat, wind) and also by the more favourable water-supply 
of the lower layers. 


In the soil samples studied the cultured number of Ciliata is higher by 
30-50% than the actual population sizes of soils. Taking into account this data, 
the estimated biomass in the alkaline soils with humous-rich upper layer is 
only 5-8 kg/ha in the upper (0-5 cm) soil-horizon. This value decreases to 
0.05-0.3 kg/ha in the 5-10 cm layer. 


Because of the mosaic pattern of the studied solonetz soils of the 
Hortobagy National Park, the estimated average Ciliata biomass calculated on 
the basis of actual numbers of individuals is 6.6 kg/ha in the upper layers. 
This value is relatively low, but cannot be neglected while studying food 
chains and flow of nutrients. 
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Table 2, Amount and biomass of Protozoa in different soil types 
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It is not possible to compare our data with those of other authors, hence 
there are no similar results, based on the analysis of alkaline soils neither 
among Hungarian nor in foreign references. 


By the comparison, however, it is remarkable that the estimated biomass 
of alkaline soils is far behind the values measured in other soil types. 
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